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SPECTROGRAPHIC DATA OBTAINED FROM 

REENTRIES AT 10.9 AND 8.1 KILOMETERS PEZ SECOND OF 

TWO STAGES OF TRAII;BLAZER I I b  

By Kenneth H. Crumbly 
Langley Research Center 

SUMMARY 

Recent e f f o r t s  i n  obtaining op t i ca l  data  from reentry vehicles have 
resu l ted  i n  a spectrogram of t h e  fourth and f i f t h  stages of a Trai lblazer  IIb 
rocket reenter ing at  8.1 and 10.9 km/sec, respectively.  These data were 
obtained by a ground-based s l i t l e s s  spectrograph equipped with a 400 groove/m 
transmission grat ing which gives a l i n e  resolution of approximately 10 A. The 
fourth-stage reentry ab la t ive  elements w e r e  i den t i f i ed  as iron, magnesium, 
chromium, calcium, sodium, manganese, and nickel .  The f i f th -s tage  reentry abla­
t i v e  mater ia ls  were iden t i f i ed  as aluminum, magnesium, and aluminum oxide. A 
short discussion i s  presented on various radiometrfc aspects of the  two 
r een t r i e s .  

INTRODUCTION 


An intensive research program has been established by the  Langley Research 
Center i n  cooperation with the  Massachusetts I n s t i t u t e  of Technology Lincoln 
Laboratories t o  study the physical phenomena of reentry of various mater ia ls  
and shapes a t  intercont inental-bal l is t ic-missi le  (ICBM) reentry ve loc i t ies ;  t h e  
vehicles used i n  t h i s  program a re  iden t i f i ed  as Trai lblazer .  Optical  and radar 
signatures of r een t r i e s  a re  measured from the  ground.to gain some understanding 
of t he  aerodynamics, physics, and chemistry of the  reentry phenomena. I n  order 
t o  determine the luminous eff ic iency at ve loc i t i e s  within the  range of na tura l  
meteors, one Trai lblazer  vehicle w a s  modified such t h a t  a small p a r t i c l e  would 
reenter  at  a ve loc i ty  nearly twice that associated with ICBM reent r ies .  This 
vehicle w a s  designated Trai lblazer  In. 

Trai lblazer  I D  w a s  a six-stage sol id-fuel  rocket system with the  six 
stages being arranged i n  tandem fashion. The first and second stages acted as 
boosters t o  gaLn a l t i t u d e  f o r  the ve loc i ty  package. The th i rd- ,  fourth-, and 
f i f th - s t age  motors along with the  sixth-stage shaped-charge accelerator  were 
enclosed i n  a s t ruc ture  t o  form the  ve loc i ty  package which faced rearward a t  
launch. During the  boost phase of powered f l i g h t ,  t he  ve loc i ty  package w a s  
spin-s tabi l ized so t h a t  a f t e r  apogee the a t t i t u d e  of the ve loc i ty  package w a s  
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nearly v e r t i c a l .  The stages were f i r e d  i n  rapid succession t o  achieve the  high 
reentering veloci ty .  

The Trai lblazer  I I b  rocket w a s  f i r e d  on the  night of May 5 ,  1962, and four 
stages of the  ve loc i ty  package were observed t o  reenter .  Of prime i n t e r e s t ,  
from the data  obtained, w a s  a spectrogram of two stages reentering a t  ve loc i t i e s  
of 10.9 and 8.1 lan/sec. I n  addi t ion t o  the  spectrogram, radar signature s tudies  
were made and the  v i s i b l e  reentry of the  four  stages i n  the  veloci ty  package 
were photographed by b a l l i s t i c  cameras s i tua ted  at  three  locat ions on the  E a s t  
Coast. I n  addition, various other op t i ca l  instruments recorded one or  more 
s tages  reentering. 

The purpose of t h i s  report  i s  t o  iden t i fy  mater ia ls  found i n  the  spectro­
gram by iden t i f i ca t ion  of wavelength and, with microphotometer t r aces  of the  
four th  stage, t o  provide an indicat ion of energy d i s t r ibu t ion  as a function of 
wavelength and energy var ia t ions  with a l t i t u d e .  A de ta i led  analysis  of t he  
spectrogram i s  not given. Alti tude as a function of veloci ty  and s l an t  range 
f o r  t he  four th  and f i f t h  stages i s  a l so  given. 

I X I N C H  VEHICLE AND TRAJECTORY 

The bas ic  Trai lblazer  I1 launch vehicle  i s  composed of four stages, two 
boosters o r  e levat ing rockets and two accelerators .  The f irst  stage i s  a 
Castor with two Recruits and the  second stage i s  a Lance. The t h i r d  stage i s  
an Altair and, along with the  four th  stage,  Cygnus 15, i s  enclosed i n  a veloc­
i t y  package. 

The Trai lblazer  I I b  rocket used this same configuration with the  addition 
t o  the  veloci ty  package of a f i f t h  stage, Cygnus 5 ,  and a sixth-stage shaped-
charge accelerator .  The assembled rocket stood over 50 f e e t  i n  height.  These 
six stages were arranged i n  tandem fashion with the  th i rd ,  fourth,  f i f t h ,  and 
s ix th  stages enclosed i n  a s t ruc tu ra l  s h e l l  ident i f ied  as t h e  veloci ty  package 
and facing i n  a rearward d i rec t ion  at launch. 

The fourth and f i f t h  stages and the  sixth-stage container a re  pictured i n  
f igure  1; this assembly i s  known as the  reentry package. The sixth-stage 
shaped-charge accelerator  w a s  developed by the A i r  Force Cambridge Research 
Laboratories t o  accelerate  a 2-gram s t a in l e s s - s t ee l  disk.  

The Trai lblazer  IIb vehicle w a s  launched a t  05:kl:OO G.M.T. May 6, 1962, 
from NASA Wallops Stat ion on an azimuth of 150'. The second-stage motor igni ted 
at about 36 seconds from launch. A t  launch time t plus  62 seconds, the 
ve loc i ty  package separated from the second stage.  During the  f i r i n g  of the 
second stage, the  canted f i n s  of t he  second stage spun the  configuration t o  
about 10 revolutions per second. T h i s  w a s  suf f ic ien t  t o  s t a b i l i z e  the  vehicle 
a t t i t u d e  t o  68' with the  horizontal .  After apogee, approximately 300-km a l t i ­
tude and t + 290 seconds, t he  t h i r d  stage f i r e d  at t + 330 seconds. Since 
the  ve loc i ty  package and reent ry  stages operated the  grea te r  pa r t  of t he  f l i g h t  
above the  e a r t h ' s  atmosphere, th ree  spin motors were provided which f i r e d  at  
third-s tage burnout t o  s t a b i l i z e  the  remaining stages.  
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The fourth stage f i r e d  a t  t + 370 seconds with the  f i f t h - s t age  f i r i n g  a t  
t + 377 seconds. The shaped-charge accelerator  f i r e d  a t  t + 382 seconds and, 
i n  so doing, broke the  f i f t h - s t age  motor i n t o  several  pieces. 

REENTRY TRUECTORY 

The d isk  o r  a r t i f i c i a l  meteoroid reentered a t  about t + 390 seconds and a 
veloci ty  i n  excess of 11.5 h / s e c .  The reentr? w a s  recorded on b a l l i s t i c  
p l a t e s  but no spectrum w a s  obtained of t h i s  reentry by NASA ground equipment. 
Several pieces  of the  f i f th -s tage  motor and t h e  remains of the  shaped-charge 
accelerator  reentered a t  about t + 399 seconds a t  an a l t i t u d e  of about 72 k i lo­
meters. The v i s i b l e  t r a i l  l a s t ed  u n t i l  an a l t i t u d e  of almost 56 kilometers. 
The fourth-stage motor reentered at about t + 402 seconds s l i g h t l y  south of t he  
f i f t h - s t age  reentry.  It w a s  v i s i b l e  a t  an a l t i t u d e  range between 75 kilometers 
and 30 kilometers. These two reen t r i e s  were very close together i n  time and 
most of the  o p t i c a l  recording equipment and cameras recorded both reentry 
s t reaks.  Alti tude i s  presented as a function of ve loc i ty  f o r  the four th  and 
f i f t h  stages i n  f igu res  2 and 3, respectively.  Alti tude i s  presented as a func­
t i o n  of s lan t  range f o r  t h e  fourth and f i f t h  stages i n  f igures  4 and 5 ,  
r e  spective1y . 

GROUND-BASED OPTICAL E Q V r " T  

An aerial K-24 camera ( f i g .  6) w a s  modified t o  accept a 127- by 178- by
1.6-IIIDIphotographic g lass  p l a t e .  The camera w a s  equipped with am f /2 .5  lens  of 
177.8-mm foca l  length.  The camera has 127-mm square format. A transmission 
gra t ing  w a s  placed i n  f ront  of t h e  objective l ens  thereby const i tut ing a s l i t -
l e s s  spectrograph. The grat ing w a s  or iented w i t h  t h e  grooves p a r a l l e l  t o  the  
expected reentry t r a c e .  The grat ing i s  84 mm square with 400 grooves/" and 
blazed f o r  a wavelength of 5000 A i n  the  f i rs t  order.  The emulsion used on the  
g l a s s  p l a t e  w a s  a high-speed panchromatic type and the  shut te r  w a s  open contin­
uously about 45 seconds with no mechanical chopper employed. The p l a t e  w a s  
developed f o r  7 minutes a t  20° C .  

CALIBRATION AND DATA REDUCTION PROCEDURES 

The spectrogram shown i n  f igure  7 and sketched i n  f igu re  8 w a s  taken a t  
the  Optical  Tracking Sta t ion  located a t  l a t i t u d e  35O15'44" N . ,  longitude 
75O33'53" W . ,  near Coquina Beach, North Carolina. The camera w a s  oriented t o  
an azimuth of 83' and an elevat ion of 1 2 O .  I n  order t o  reduce t h i s  spectrogram, 
it w a s  necessary t o  obtain cer ta in  spec t ra l  ca l ibra t ion  p la tes .  The procedure 
used t o  obtain these  ca l ibra t ion  p l a t e s  w a s  that of photographing a l i n e  source 
e f f ec t ive ly  placed at i n f i n i t y  by using a la rge  collimating mirror.  The camera 
w a s  a l ined i n  t h e  collimating system so t h a t  t h e  zero order of t h e  spectrum w a s  
i n  t h e  same posi t ion on the  p l a t e  as the  o r ig ina l  spectrogram. 
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The reduction of t he  spectrogram and the  ca l ibra t ion  p l a t e s  w a s  accom­
plished by making microphotometer t r aces  of each and then comparing the  measure­
ments from these t races .  

A l l  the  microphotometer t r aces  were made from the  zero order through t h e  
f i rs t  order on both the  o r ig ina l  and the  ca l ibra t ion  p la tes .  Since the wave­
lengths  of t he  l i n e s  on the  cal ibrat ion p l a t e s  are known, a comparison of t h e  
microphotometer t r aces  w i l l  give t h e  desired wavelength on the or ig ina l .  Once 
a se r i e s  of l i n e s  on the  o r ig ina l  t r ace  w a s  ident i f ied ,  a dispersion cal ibra­
t i o n  w a s  determined and used to'determine wavelengths of t he  remaining l i nes ;  
the resolut ion w a s  estimated a t  10 A except f o r  t he  band spectrum. 

A series of 10 microphotometer t r aces  w a s  made of t h e  spectrogram at  d i f ­
f e ren t  a l t i t u d e s  t o  insure measurement of a l l  l i n e s .  The wavelengths of t h e  
l i n e s  from each microphotometer t race  were recorded and grouped together by 
wavelength. The numerical average of t he  wavelengths of  the  l i n e  w a s  taken 
from these readings. These wavelengths were then compared with wavelengths i n  
reference 1, i n  order t o  determine which elements were detected. 

I n  f igure  9, four typ ica l  microphotometer t r aces  are shown. Figure 9(a)
shows a t r ace  at an a l t i t u d e  of 60 km; figures g(b) ,  ( c ) ,  and (d) ,  a t  a l t i t u d e s  
58, 50, and 42 h,respectively.  Figure g(a) ,  shows several  l i n e s  belonging t o  
the  f i f th -s tage  motor. These l i n e s  a re  ident i f ied  on t h e  t r ace  as t o  t h e i r  
wavelength. 

RESULTS AND DISCUSSION 

A sketch of t he  spectrogram i s  shown i n  f igu re  8, t o  the  same scale as 
f igure  7. The ident i f ica t ion  of t he  zero orders f o r  t h e  fourth and f i f t h  
stages i s  shown as w e l l  as the major emitt ing species f o r  t h a t  portion of the  
spectrogram which contains the  overlapped spectra.  The wavelength scale given 
i s  f o r  t he  four th  stage; t he  same dispersion scale  holds f o r  t he  f i f t h  stage, 
but  i s  displaced t o  the  l e f t  by the  distance between the two zero orders.  

F i f t h  Stage 

The f i f th-s tage spectrum shows t h e  charac te r i s t ic  aluminum doublet at  
3944 A and 3961 A. This doublet appears high i n  a l t i t u d e  and las ts  u n t i l  a 
f i n a l  burst  of energy at  an a l t i t u d e  of about 60 km; a t  this burs t  t he  aluminum 
oxide bands appear. A t  an a l t i t u d e  of about 70 km, the  f i f t h  stage e m i t s  radi­
a t ion  from magnesium i n  t h e  two t r i p l e t s  at 5167 A, 5172 A, 5183 A, and 3827 A, 
3832 A, 3838 A. A summary of t h e  r e s u l t s  as compared with references 2, 3 ,  
and 4, i s  given i n  tab le  I (where hmeas i s  t h e  measured value of wavelength 
and Ast- i s  t h e  standard value of wavelength). 

The bands and l i n e s  of t h e  f i f t h  stage are overlapped w i t h  t h e  spectrum of 
the  four th  stage as maybe seen i n  f igures  7 and 8. 

4 



Fourth Stage 

The fourth-stage r e s u l t s  a r e  tabulated i n  t a b l e  11. The most predominant 
rad ia t ion  i s  emitted by t h e  element i ron .  Traces of chromium, copper, calcium, 
aluminum, and nickel  were a l so  found. Strong rad ia t ion  from magnesium and 
sodium i s  a l so  present .  

I n  t a b l e  11, an a s t e r i s k  i n  the  remarks column indica tes  that the  l i n e  i s  
a r e l a t i v e l y  pos i t ive  iden t i f i ca t ion .  The a s t e r i s k  i s  used where there  i s  gobd 
agreement as t o  the  spacing between two l i n e s  as wel l  as t o  the  measurement of 
t h e  l i n e ' s  wavelength. 

The spectrogram as a whole contains other  information not contained i n  a 
t a b l e  or readi ly  evident when one looks a t  a microphotometer t r a c e .  It i s  evi­
dent t h a t  t h e  rad ia t ion  i n t e n s i t y  of t he  reent ry  of e i t h e r  t h e  fourth- o r  
f i f t h - s t age  f luc tua te s  with'time and a l t i t u d e .  Also, the rad ia t ion  does not 
remain i n  a steady state as regards the  spec t ra l  region of emission. I n  other  
words, d i f f e ren t  elements a re  emitting rad ia t ion  a t  d i f f e ren t  t i m e s .  

The fourth-stage rad ia t ion  starts and ends ra ther  abruptly, maintaining a 
f a i r l y  constant i n t e n s i t y  during t h e  reent ry  except f o r  t h e  burs t  of energy at 
an a l t i t u d e  of about 50 krn. Following t h i s  burs t ,  there  i s  a rapid cooling-off 
process which i s  indicated by the  change i n  d i s t r ibu t ion  of energy t o  t h e  red 
end of t he  spectrum. 

The elements which were found i n  t h e  spectrogram w e r e  those expected f o r  
these  reentry vehicles. The magnesium i s  present i n  heavy concentrations i n  
the  rocket nozzle and shows-up i n  both spectra .  Most of t h e  other  elements a re  
known t o  occur i n  s l i g h t  percentages i n  e i t h e r  t h e  fourth- or f i f th -s tage  motor. 
Sodium has been recorded i n  almost every reentry spectrum and i s  of ten  used as 
a standard with which t o  measure other  wavelengths. 

A s m a l l  amount of rad ia t ion  w a s  recorded i n  t h e  second order of the  spec­
trogram, but no s igni f icant  contribution t o  t h i s  report  w a s  obtained by 
reducing t h e  second-order spectrum. Radiation from ce r t a in  molecules of atmos­
pher ic  const i tuents  w a s  not recorded. Neither w a s  rad ia t ion  recorded outside 
of 6300 A, t he  film cut-off, o r  below 3700 A. The short  cut-off wavelength i s  
believed due t o  a combination of atmospheric and o p t i c a l  transmission losses .  
These cut-offs  prevented any order overlap. 

Figure 9 shows energy f luc tua t ions  as a function of wavelength at d i f fe ren t  
a l t i t u d e s  f o r  t he  fourth-stage reentry.  I n  f igure  9(a) t h e  two sharp l i n e s  
iden t i f i ed  as "Al, 3944 A, 3961 A , "  a r e  due t o  t h e  overlapping spectra  of t h e  
f i f t h  s tage.  The energy i n  f igu res  9(a) and (b) i s ,  f o r  t h e  most pa r t ,  f & m  
l i n e  spectra .  I n  f igu res  9(c)  and (d)  most of the rad ia t ion  appears t o  be con­
tinuum, p a r t i c u l a r l y  i n  f igure  9(d) .  

These microphotometer t r a c e s  are t h e  ac tua l  t r aces ,  and normalizing of 
these  t r a c e s  as t o  rec iproc i ty  f a i l u r e ,  writ ing speed across the  f i l m ,  wave­
length  sens i t i v i ty ,  and so f o r t h  has not been done. These f igu res  give only an 
ind ica t ion  of how t h e  energy f luc tua te s  from t h e  v i o l e t  t o  t he  red end of t he  
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spectrum and are characterist ic of the energy fluctuations caused by temperature 
changes from a high t o  a low value. The overall energy picture then is one of 
a temperature decrease w i t h  an al t i tude decrease for t he  vis ible  portion of the 
spectrum. 

CONCLUDING RENARKS 
8 

A study of the reentry spectrogram from two stages of Trailblazer ID 
resulted i n  the identification of certain elements and molecules. The spectro­
gram showed energy fluctuations as the reentry vehicle decreased i n  a l t i tude.  
Altitude plotted against velocity and slant range were also given for the  
fourth- and fifth-stage reentries.  The major elements and components were 
l i s ted .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 14, 1964. 
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TABLE I.- WAVELENGTHS AND WIATmG SPECIES FOR F"H STAGE 

h t d ,  Aheas7  A (refs. 2 t o  4) Element Remarks 

3828 3829- 350 M@;I
3834 
3834 
3947 

3838.258 
3944 032 

M g I
A l I  

3966 3961 527 AlI 
4027 4030.76 M n I  
4663 4672.0 A10 
4825 4842.1 A10 
5098 5102.1 A10 
5179 
5179 

5167.34 
5172.70 

M g I
MgI 

3832.306 M g I  

5179 5183.62 M g I  

"Ident i f icat ion by comparison with 

* 
* 
* 
* 
* 

Band spectra 
Band spectra  
Band spectra* 

* 
* 
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TABLE 11.-WAVEL;ENOTHS AM) RADIATTNG SPECIES FOR FOURTH STAGE 

3737 

3744 

3799

3828 

3834 

3834 

3844 

3856 

3871 

3874 

3884 


3900 


3922 

3931 

3947 

3966 


4008 

4031 

4040 

4064 

4068 

4140 

4151 

4155 

4199 

4207 

4229 

4261 

4269 

4278 
4287 

4303 

4308 

4316 

4336 


4354 

4384 

4398 

4402 

4409

4417 


3737.133 
3745.564 
3798 * 513 
3829 350 
3832.306 
3838.2% 
3840 * 439 
3856.373 

3858.301 


' 3872.504 
3878.021 
3886.284 

f 3902.915 
3902 - 948

I 	3902.963 

3922 - 914 

3933 666 
3944.032 
3961- 527 
3968.468 
4005.246 
4030 - 755 
4045.815 
4063.597 
4071.740 
4143.8n 
4147.673 
41.57.791 
4199 - 099
4210.352 
4226.728 
4254.346 
42p.  764 

* 	 4274.803 

4282.406 

4289.72 

4305 - 453 

4305 - 455 

4307 - 906 

4315.087 

4337.049 

4337.566 

4352 * 737 

4351- 770 

4383 * 547 

4401.547 

4404.752 

4 4 0 7 . ~ 6  

4415.125 


Element 

Fe I 
Fe I 
Fe I 
% I  
M g I  
MgI
Fe I 
Fe I 
N i  I 
Fe I 
Fe I 
Fe I 
C r  I 
Fe I 
Mo I 
Fe I 
C a  I1 
AlI 
A l I  
Ca I1 
Fe I 
MllI 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
C a  I 
C r  I 
Fe I 
C r  I 
Fe I 
Cr I 
Cr I 
Fe I 
Fe I 
Fe I 
Fe I 
C r  I 
Fe I 
C r  I 
Fe I 
N i  I 
Fe I 
Fe I 
Fe I 

Remarks 

I Possibly both l ines  

* 
Relatively positive identification. 
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---- ---- 

---- 

---- 
---- 
---- 

TABLE 11.- WAVELENGTHS AND RADIATING SPECIES FOR FOURTH STAGE - Concluded 

hmeasJ A Astd, A 

4440 4442.343 

4455 4454.383 

4459 4459.121 


4459 - 037 

4465 4466.554 

4474 4476.022 

4573 4580.05 

4700 4707.281 

5179 5183.618 

5270 5269.541 

5277 5281* 799 

5291 5287.922 

5324 5324.182 

5337 5339.938 


5341.026 

5342 5339 938 

5351 5348.319 

5402 5404.148 

5413 5415.207 

5420 5420.362 
5435 5434 * 527 

5443 5446.920 

5474 5476 * 906 

5521 5525 * 553 

5525 5528.461 

5544 5546 * 490 

5576 5576.106 

5605 $02.956 

3545 56650 - 130 

5666 5662.525 

3594 5694- 730 


3594.998 

5720 5722 * 735 

5767 5763.011 

5a57 5857- 755 


5889- 953
5897 5895 * 923 

5927 5928.882 

5936 

5961 

6003 6003.034 

6032 6030.662 

6091 6086.290 

6127 

6184 6176.814 

61% 6191.186 

6215 

6251 6256.365 

6270 

6279 

6289 6290.743 

63% 6330.101 


Element Remarks 

Fe I 

Fe I 

Fe I 

N i  I 

Fe I 

Fe I 

C r  I 

Fe I 

MgI
Fe I 

Fe I 

Fe 

Fe I 

Fe I 

Fe I 

Fe I Weak 

C r  I Weak 

Fe I 

Fe I 

Mn 

Fe I 

Fe I 

N i  I 

Fe I 

MgI
Fe I 

Fe I 

Fe I 

M o  

Fe I 

C r  I 

N i  I 

Mo 

Fe I 

N i  I 

N a  I * 

N a  I 

Mo 


Fe I 
Mo 
N i  I 

N i  I 
N i  I 

N i  I 

Mo 

Cr I 


"Relatively posi t ive iden t i f i ca t ion .  

-9 

I I I I I  Ill I 1111 Ill 1 1 1 1  I 111111111 11111.11. II1111111111111111111 II 111111 11111IIIIIIIIIIIIII1111 Ill II I I I II  111 I II I II 



Figure 1.-Reentry package, Trailblazer IIb. L-62-3614.1 
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Figure 2.- Altitude a6 a function of  velocity for fourth stage. 
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Figure 3 . - Altitude as a function of velocity f o r  f i f t h  stage. 
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Figure 4.- Altitude as a function of slant range for fourth stage 
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Figure 5.- Altitude as a function of s lan t  range f o r  f i f t h  stage. 



Figure 6.- Slitless spectrograph. L-62-5897.1 
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Figure 7.- Spectrogram of fourth and f i f t h  stages. L-64-3016 
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Figure 8.- Sketch of spectrogram of fourth and f i f t h  stages. 
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Figure 9.- Density as a function of wavelength for  fourth stage. 
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Fiwure 9. - Continued. 
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Figure 9. - Continued . 
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Figure 9.- Concluded. 
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